Background. Cognitive impairment is a common complaint among cancer survivors, significantly impacting working memory, attention, executive function, and information processing speed. This meta-analysis aims to evaluate the effect of neuropsychological interventions on the cognitive function of non-central nervous system (non-CNS) cancer survivors. Methods. Three databases (PubMed, PsycInfo, and CAJ Full-text Database) were searched from January 2010 to September 2015. Controlled clinical trials of neuropsychological interventions for the treatment of cognitive impairment in cancer survivors were considered for inclusion. Results. A total of 10 eligible trials were included in this meta-analysis. Three trials assessed the effects of cognitive rehabilitation (CR) interventions, and the weighted mean difference (WMD) for the overall intervention effect was −0.19 (95% confidence interval [CI] = −2.98 to 2.61). Two trials examined the effects of cognitive training (CT) interventions on the cognitive function of cancer survivors; the standardized mean difference (SMD) for the overall effect was 0.52 (95% CI = 0.06 to 0.98). The overall effect of CR interventions on neuropsychological status at postintervention was 5.66 (95% CI = 2.97 to 8.35). The SMD of CR and CT intervention for objective function by verbal learning tests was 0.50 (95% CI = 0.19 to 0.81) at postintervention, and 0.58 (95% CI = 0.19-0.98) at follow-up assessment within 6 months. Conclusion. Findings from this meta-analysis indicate that neuropsychological interventions can improve cognitive function in non-CNS cancer survivors, and support the need for future research. However, the conclusion from this meta-analysis was based on trials with small sample sizes. Future research should be conducted using a larger sample size. Relevant clinical implications were discussed accordingly.
Introduction
Thanks to medical technology advances, coupled with earlier detection of cancer, survival rates for cancer patients have improved significantly. The 5-year relative survival rate from all cancer sites is 68%. 1 Globally, 32.6 million people are cancer survivors. 2 As cancer survival rates increase, cognitive impairment has emerged as a significant problem affecting survivors. 3, 4 The prevalence of cognitive impairment for cancer survivors was up to 75% both during and after treatment, 5 particularly affecting attention, memory, executive function, and information processing speed. [5] [6] [7] [8] Increasing research evidence shows that cancer-related cognitive impairment was associated with having cancer, as well as with cancer treatment. 9, 10 There is an accumulating body of evidence suggesting that cancer patients could suffer cognitive impairment, even before systematic treatment begins. 10, 11 In addition, there are accumulating published studies showing that cancer treatments, particularly chemotherapy, could influence the cognitive function of cancer survivors upward of months, to even years. 10, 12 These cognitive 638737I CTXXX10.1177/1534735416638737Integrative Cancer TherapiesZeng et al
The Hong Kong Polytechnic University, Hong Kong, China 2 The Third Affiliated Hospital of Guangzhou Medical University, Guangzhou, China impairments could exert a significant impact on social and occupational functioning, interfering with the ability to carry out normal daily activities, all of which in turn contributes to lower quality of life for cancer survivors. [13] [14] [15] There are limited pharmacological treatment approaches for the management of cognitive impairment, and it is noted that pharmacological treatments often have side effects. 8, 16 Cognitive rehabilitation support and neuropsychological modulation strategies are an increasingly common approach to supporting cancer survivors. 3, 17 One review by Gehring and colleagues 16 comprehensively examined a range of pharmacological and nonpharmacological interventions for cancer-related cognitive deficits. Hines et al 18 conducted a systematic review focusing on the effectiveness of psychosocial interventions for chemotherapy-related cognitive dysfunction. However, both articles only reviewed relevant intervention studies published during or prior to 2011. According to King and Green, 8 many studies related to psychological interventions for cognitive dysfunction among adult cancer patients following treatment were published after 2012. Therefore, this study's aim was to quantitatively evaluate the most recent studies on the effects of neuropsychological interventions on cancer survivors' cognitive function, and to identify implications for future research.
Methods

Data Sources and Searches
Three databases (PubMed, PsycInfo, and CAJ Full-text Database) were searched from January 2010 to September 2015, including articles published in both English and Chinese. The search terms included a combination of neuropsycholog*, cognit*, neurocognit*, neurobehavior*, intervention*, rehabilitation, trial, cancer, and cancer survivors. Searches were limited to adult human studies.
Study and Participant Types
Studies were eligible for inclusion if they were controlled clinical trials, including randomized controlled trials and clinical trials without randomization, which addressed the effects of neuropsychological interventions on the cognitive function of individuals with cancer. Inclusion criteria comprised (1) patients diagnosed with primary cancer during adulthood-onset (aged 18 years or older), because patientreported cognitive function measures for childhood cancer survivors differ from adult measures 19 and (2) with a nonbrain or non-central nervous system (CNS) tumor, as a brain or CNS tumor can directly affect the brain, and thus the cognitive processes, of cancer survivors. 20 Exclusion criteria included patients diagnosed with primary cancer during childhood-onset (aged 18 years or younger), and with a brain or CNS tumor, as there were existing reviews focused on brain tumors or other CNS tumor.
20,21
Types of Interventions and Outcome Measures
Studies were included if they used any type of neuropsychological interventions aimed at the improvement of cognitive function in cancer survivors. The primary outcome was cognitive function by subjective and/or objective cognition outcome measures. Secondary outcomes included any adverse effects as a result of neuropsychological interventions.
Data Extraction and Assessment of Bias Risk
For each study, data was independently extracted from the original article by one of the main researchers, then verified by the second researcher. Any disagreements on data extraction were resolved by discussion among the research team members. The Cochrane Risk of Bias Assessment Tool was used to evaluate the risk of bias of the included trials. This assessment tool consists of seven domains: random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and other biases. 22 Each domain was carefully assessed as to whether it had low, high or unclear risk of bias in accordance with the judgment criteria.
Data Synthesis and Analysis
The data were synthesized and analyzed using the Cochrane Collaboration's Review Manager (RevMan 5.3). 23 The heterogeneity of included trials was assessed using chi-square and Ι 2 statistics, and a chi-square of P value greater than 0.1 or an Ι 2 value of less than 50% was considered to be indicative of statistical homogeneity. 22 The random-effects model was used to combine statistically heterogeneous clinical trials, whereas the fixed effects model was used to combine statistically homogeneous trials. 22 For the effects of intervention on cognitive function, weighted mean difference (WMD) was calculated when cognitive function outcomes were measured using the same scale, and the standardized mean difference (SMD) was used when different scales were used to measure cognitive functions among different trials, with corresponding 95% confidence intervals (CI). 22 Data pooling in this meta-analysis was performed for the effects of neuropsychological interventions by subjective and objective outcome measures.
Results
Description of Included Trials
The flow diagram of the literature search process is given in Figure 1 . A total of 10 trials 3, 8, 10, 14, [24] [25] [26] [27] [28] [29] were included in this meta-analysis. Table 1 summarizes the characteristics of these trials. Each trial was evaluated in terms of its risk of bias and the overall bias risk is shown in Figure 2 . Of these 10 studies, 7 studies 8, 14, [24] [25] [26] [27] 29 were randomized trials. Three studies 3, 10, 28 were case-control designs, leading to a high risk of bias for random sequence generation and allocation concealment. From Table 1 , there are subjective cognitive measures and formal neurocognitive tests. The most common subjective cognitive measures include FACT-Cog (Functional Assessment of Cancer Therapy-Cognitive Function) and MASQ (Multiple Ability Self-Report Questionnaire). Common objective measures include brain imaging via quantitative electroencephalography (qEEG) and formal neurocognitive tests, such as verbal learning tests by RBANS (Repeatable Battery for Neuropsychological Status), RAVLT (Rey Auditory Verbal Learning Test), CVLT (California Verbal Learning Test), or HVLT-R (Hopkins Verbal Learning Test-Revised), Trial Making Test, Digit Symbol, and Digit Span. These neurocognitive tests were applied to measure participants' attention, verbal and visual memory, executive function and information processing speed. In terms of interventions, one study 3 used a neuromodulation intervention by EEG neurofeedback for breast cancer survivors. Three studies 14, 28, 29 made use of cognitive training interventions. Six studies 8, 14, [24] [25] [26] [27] used cognitive rehabilitation interventions, mainly delivering interventions in a group format. Intervention duration ranged from 4 weeks to 6 months ( Table 1) .
Effects of Neuropsychological Interventions on Subjective Cognitive Function in Cancer Survivors
Three trials with a total of 86 subjects measured improved FACT-Cog subscales of perceived cognitive impairment (PCI), perceived cognitive abilities (PCA), and impact of perceived cognitive impairments on quality of life (IPCIQL). 
Effects of Neuropsychological Interventions on Objective Cognitive Function in Cancer Survivors
One trial 3 used brain imaging assessment via qEEG, and reported that the intervention group showed positive effects in terms of cognitive function improvement: a decrease in alpha power and delta "slow wave" power (both P values <.05). By formal neurocognitive tests, Figure 4 For cognitive performance, as measured by Digit Symbol, Digit Span, and TMT, none of these cognitive tests have statistical significance (Figures 6-8 ). While CR interventions showed trends in the direction of improving attention, processing speed, and working memory by Digit Symbol at postintervention and follow-up within 6 months ( Figure 6 .1 and 6.2), the intervention effect sizes' CI crossed zero (both WMDs = 0.90, 95% CI = −0.42 to 2.23; −0.79 to 2.59, respectively). Cognitive performance, measured by Digit Span and TMT-including functions of attention, spatial organization, executive function, and mental flexibility-was also in favor of intervention, but found no The cognitive rehabilitation group improved significantly on PAOFI total and memory score (both P = .01), and on RAVLT total trials (P = .02) and delayed recall scores (P < .01). On qEEG, this group also showed a decreased in delta "slow wave" power and alpha power (both P statistical significance (Figures 7 and 8 ). Of 10 included trials, no study reported adverse effects related to neuropsychological interventions.
Discussion
Based on the most recent research literature, most common neuropsychological interventions could alleviate cognitive impairment in cancer survivors, including cognitive rehabilitation interventions by behavioral therapy approaches, mainly in a group format, and with cognitive brain training delivered mainly in an individual format. Findings from this meta-analysis indicated that cognitive training interventions have positive effects on improving subjective and objective cognitive function in cancer survivors, although the effect sizes have been modest (SMDs ranging from 0.50 to 0.58). For example, CT interventions by an online and home-based program significantly improved multiple executive function skills, as reported by objective and self-report measures. 14 CR interventions have positive effects in formal neurocognitive tests, such as the domains of immediate and delayed memory by RBANS, and several verbal learning tests. In the study by Ferguson et al, 26 interventions by cognitive behavioral treatment were effective at improving memory and attention problems. Cognitive neuromodulation strategies offer new and noninvasive approaches for ameliorating cognitive dysfunction. 25 One study, which used neurofeedback, found positive effects in self-reported cognitive measures and objective cognitive functions in breast cancer survivors. Most trials included in this meta-analysis only assessed the immediate effects at postintervention or short-term follow-up (6 months or less), as long-term follow-up assessment can monitor the sustainability of intervention effects. Hence, future research should be conducted in a longer term follow-up to establish whether neuropsychological interventions have long-term effects on the improvement of cognitive function in cancer survivors. More than half of the trials included in this meta-analysis focused on a study population of breast cancer survivors, and the remaining trials, with mixed types of cancer survivors, also included a study sample of breast cancer survivors. While breast cancer is the most common type of cancer globally, with a relatively good 5-year survival rate, many other cancer patients may also experience similar survivorship issues, as the 5-year relative survival rate for all cancer populations is now up to 68%. 1 In addition, studies of other cancer populations could help researchers understand whether different types of cancers have specific risk factors and different underlying mechanisms leading to cognitive impairment. 6 In terms of outcomes, most trials included in this review used a combination of self-reported cognitive measures and formal neurocognitive tests. Self-reported measures may ask about cancer survivors' cognitive problems over a period of time, but neurocognitive tests can only detect their cognitive function at a certain point in time. 6 Hence, future research should also utilize subjective and objective cognitive function measures, in order to better capture cancer-related cognitive impairment in cancer survivors. Furthermore, this meta-analysis found that various neuropsychological tests have been used, which may contribute to error variance and type II error. A task force has recommended that a core set of neuropsychological tests be used across studies to facilitate interpretation of study findings. 30 While the process of meta-analysis could obtain a weighted average effect size across a number of different trials, 31 it is important to note that an important result found in one study could be washed out by the null results of other studies. 32 Ideally, the methodological limitations of metaanalysis could be resolved by a presentation of integrative data analysis, which is also expected to increase statistical power and generalizability of results by combining raw data. 33 Similar to a meta-analysis, raw data from multiple samples (eg, different types of cancer survivors) could be combined into a single data analysis, despite the fact that all cognitive outcomes may not be measured using the same instruments. 33 Hence, the integrative data analysis method analyzes the combined original data, and may overcome the limitations of the synthesis of summary statistics drawn from multiple studies, by calculating secondary data as meta-analysis. Another limitation of this meta-analysis was the conclusion drawn in a number of trials with small sample sizes. Findings of this meta-analysis should be confirmed in future randomized trials with larger sample sizes.
This meta-analysis found that neuropsychological interventions had positive effects, improving cognitive function in cancer survivors. Further research should be conducted to explore relevant risk factors for identifying patients at increased risk for cancer-related cognitive impairment, and to explore the possible underlying mechanisms of cognitive impairment in cancer survivors by using neuroimaging studies. 5, 13, 15 Although breast cancer survivors have received relatively more attention in published literature, many other types of cancer survivors experience similar survivorship issues. 5 Thus, further research should be conducted on different types of cancer survivors to identify disease-specific risk factors in cognitive impairment. Moreover, the trials in this meta-analysis show moderate to high risk of bias. Future trial design should be randomized and the outcome assessors blinded, in order to minimize potential methodological bias.
From the review by Hines et al, 18 patients treated on psychosocial interventions for cancer related cognitive dysfunction was limited, as current therapies only indicated short-term effects (<6 months) on their symptoms. This review of most recent intervention studies also indicated that the neuropsychological interventions did not show any longterm effects on cognitive function outcomes. The review by Gehring et al 19 included pharmacological and nonpharmacological interventions and found that "of the pharmacological agents studied and reviewed, off-label modafinil has the strongest evidence base for beneficial effects on cognitive function in patients with cancer." This review also indicated that neuropsychological interventions may improve aspects of objective cognitive function and subjective cognitive function. But this review concluded that overall subjective cognitive effects are larger than objective cognitive effects. In contrast, this meta-analysis found effect size by objective neurocognitive tests (up to 5.66) are large than subjective cognitive measures (0.52-0.54).
Conclusion
Findings from this meta-analysis indicate that neuropsychological interventions can improve cognitive function in cancer survivors, and support the need for future research. However, since the conclusion from this meta-analysis was drawn based on trials using small sample sizes, future research should be conducted on a larger sample size.
Implications for Practice
Clinical staff should recognize that non-CNS cancer per se may also be involved in cognitive impairment that patients find distressing. 33 This meta-analysis found 3 types of neuropsychological interventions, which were used to manage cognitive impairment in non-CNS cancer survivors. CT interventions demonstrated benefits in subjective and objective cognitive function, especially in the domain of executive function. CR interventions produced significant effects in objective cognitive function, mainly in the domain of memory and verbal learning. While neuromodulation strategies indicated positive effects in the improvement of subjective and objective cognitive function, these intervention strategies are largely anecdotal based on theorized causes, as the causes of cognitive impairment in cancer survivors are still unknown. 34 Because of this, it is difficult to determine which intervention strategies will be better than others for patients experiencing cognitive impairment. Thus, quality research is required in order to determine the exact mechanism and cause of cognitive impairment, which will allow clinical staff to design better intervention strategies to ameliorate this distress symptom in non-CNS cancer survivors.
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